In the course of a plant disease survey of the Malaysian Peninsula (Malaysia comprises the Malaysian Peninsula, Sabah and Sarawak) during the period 1981-1986, more than 1000 isolates of Fusarium were obtained from diseased plants and seeds. Two further isolates were obtained from patients admitted to hospitals in the same area. The occurrences of F. prolijeratum, F. nygamai and F. longipes are new records for the Malaysian Peninsula and the association of F. solani and F . oxysporum var. redolens with human diseases does not seem to have been reported previously. Ten representative species which could be classified into seven sections of the genus were selected for studies of their toxigenicity in liquid cultures and/or on rice. Crude toxin preparations from culture filtrates or extracts of the inoculated rice were tested for toxicity to brine shrimp larvae and tobacco mesophyll protoplasts. The protoplasts were more sensitive than the brine shrimp larvae to the toxin preparations, except those from the isolates of F. solani and F. oxysporum var. redolens obtained from either humans or tobacco. The toxicity of the preparations from rice cultures per g rice was always greater than the toxicity per ml of culture filtrates from cultures grown on Czapek-Dox broth, Czapek-Dox supplemented with 1 % (w/v) peptone or Czapek-Dox supplemented with 5 % (w/v) tobacco extract. The activity of all toxin preparations was stable to heat. It is concluded that the occurrence of toxigenic species of Fusarium in the Malaysian Peninsula is widespread and that they may pose a serious threat to the health of human, animal and plant populations.
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mycotoxins ranging from a trace (1.0 p.p.b.) to 143 p.p.m. Toxigenic Fusarium spp. are likely to be more prevalent in tropical countries where both temperature and humidity are high and where crop protection and post-harvest storage conditions may be inadequate. Indeed, they are often found on seeds and as contaminants of foods consumed by man and animals in the Malaysian Peninsula (Gordon, 1960; Salleh & Sulaiman, 1984; Salleh & Zunaidah, 1984; Singh, 1973; Thompson & Johnston, 1953) , as well as in Sabah (Liu, 1977; Williams & Liu, 1976) , Sarawak (Turner, 1971) and Singapore (Lim, 1969 (Lim, ,1982 . Nevertheless, to date, there have been no reports of human or animal diseases or disorders caused by or associated with Fusariurn spp. in Malaysia, nor have there been any reports from this region of toxins produced by these fungi. In this communication we report the occurrence of ten Fusarium species in the Malaysian Peninsula and evidence for their toxigenicity.
METHODS

Fusarium isolates.
Over 1000 isolates of Fusarium were obtained from diseased plants and seeds in the course of a plant disease survey of the Malaysian Peninsula during the period 1981 (Salleh & Sulaiman, 1984 Din & Salleh, 1986) . From these, fourteen were selected for the present study, together with two isolates from human infections (Table 1) . Isolate 381 was originally obtained from a male patient admitted to the General Hospital, Kuala Lumpur, suffering from onchomycosis (nail infections) and isolate 610 originated from a partially blind female patient admitted to the Universiti Sains Hospital in Kubang Kerian, Kelantan, suffering from acute eye keratitis.
All the Fusarium isolates were single spored following the method of Hansen & Smith (1932) as modified by Salleh & Sulaiman (1984) . Species were identified from cultures growing on potato/sucrose agar using the diagnostic characters described by Booth (1971 Booth ( ,1977 and from cultures growing on potato/dextrose agar using the diagnostic characters described by Nelson et al. (1983) after incubation under standard conditions (Salleh & Sulaiman, 1984) . All monoconidial isolates of the fungus were preserved in sterilized sandy-loam soils at 4 k 1 "C (Salleh & Sulaiman, 1984) and in 10% (v/v) glycerol in liquid nitrogen at the Fusarium Culture Collection Unit, School of Biological Sciences, Universiti Sains Malaysia. A further set of isolates was also suspended in 10% (v/v) glycerol and kept in a liquid nitrogen bank at the Department of Biology, University College London.
Media and culture conditions. Liquid media (100 ml in 250 ml Erlenmeyer flasks) were as follows: modified Czapek-Dox (CD) (Oxoid), modified Czapek-Dox supplemented with 1 % (w/v) Oxoid peptone (CD + 104 P) or modified Oxoid Czapek-Dox dissolved in 5% (w/v) tobacco extract (CD + 5% TE) (prepared by homogenizing 5 g cleaned roots, stems and leaves of healthy 2-week-old Nicotiana tabacum L. var. TAPMl3 in 100 ml distilled water). Isolates obtained from naturally diseased rice or rice seeds were also cultured on 25 g polished American long-grain rice presoaked with 50 ml distilled water in 250 ml Erlenmeyer flasks. All flasks were plugged with cotton wool, wrapped with two layers of aluminium foil and autoclaved for 20 min at 121 "C. After storage overnight at room temperature they were inoculated with I ml conidial suspension (3 x lo6 conidia ml-l) of (Table 1 ). The conidial suspension was prepared as follows. A few drops of the stock monoconidial isolates preserved in liquid nitrogen were transferred onto potato/dextrose agar plates and incubated on a light bench, illuminated by six fluorescent daylight 65/80W tubes (Thorn) and one black-light TLD 36W tube (Philips) at 27 _+ 2 "C for 1 week. The conidia were harvested by addition of 5 ml sterile distilled water and gentle agitation. They were counted using a haemocytometer and their concentration was adjusted by further addition of sterile distilled water. Flasks inoculated with sterile distilled water served as controls. All experiments were done in triplicate. Liquid cultures were incubated at 27 _+ 2 "C on a reciprocal shaker (throw 6.0 cm and 80 strokes min-' ). Rice cultures were incubated on a stationary bench, also at 27 2 "C, in the dark. Three days after inoculation, the rice cultures were thoroughly mixed with a sterile glass rod, in a laminar-flow cabinet. Extraction and preparation of crude toxinsfor bioassay. Cultures were harvested at weekly intervals for 4 weeks. Liquid cultures were filtered through a layer of nylon mesh (mesh size 80 pm) and the number of conidia in the filtrates was counted using a haemocytometer. The pH of the filtrates was recorded after sedimentation of the conidia in a centrifuge, and the mycelium was recovered from the nylon mesh and dried to constant weight at 90 "C. Rice cultures were homogenized in 100 ml methanol/water (7 :3, v/v) with a Sorvall Omni-Mixer (5000 r.p.m. for 5 rnin). The homogenate was filtered under vacuum through a glass microfibre filter (Whatman GF/A) and the filtration process repeated in order to clarify the filtrate further if necessary. Solid material remaining on the filters was washed with 10 ml of the aqueous methanol mixture and the washings were added to the filtrates before removal of the methanol by film evaporation. The culture filtrates and rice extracts were immediately freeze-dried and redissolved in 5 ml and 12.5 ml sterile distilled water, respectively. They were clarified by centrifugation at 900 g for 10 min and stored at -70 "C until required for bioassay.
For the brine shrimp bioassay, the preparations were diluted 1 :1 with 2 ml double-strength (2 x ) brine shrimp medium (Bergers et al., 1985) and the pH was adjusted with 1 M-HCI to 6.5. For the tobacco mesophyll protoplast bioassay, the preparations were diluted 1 :I with 2 x CPW 13M plant protoplast holding buffer formulated by Power & Chapman (1985) (pH adjusted with 1 M-HCI to 5.8).
Brine shrimp (Artemia salina) larvae assay. Serial twofold dilutions in duplicate of the toxin preparations were made in the wells of a Linbro microtest plate (Flow Laboratories; 100 pl per well). Larval suspension (100 p1; 20-30 larvae per well), hatched by the method of Bergers et al. (1983, was added. Controls consisted of larvae in brine shrimp medium only. Dead larvae were counted immediately and recounted after incubation at 25 "C in the dark for 24 h. Live larvae were subsequently killed by the addition of one drop of 37% (v/v) formalin to each well and the total number of dead larvae was counted.
Tobacco mesophyll protoplast assay. Mesophyll protoplasts of tobacco (Nicotiana tabacum var. TAPM 13) were prepared by a modification of the method of Thanutong et al. (1983) . The adaxial surfaces of young but fully open and healthy leaves from 2-week-old plants were gently rubbed with wet cotton wool dipped in alumina powder (grade 3/50; Gallenkamp Griffin) and placed on an enzyme solution containing 1 % (w/v) cellulase R10 and 0.05% (w/v) macerozyme R10 (both enzymes from Kinki-Yakult Mfg Co., Nishimomiya, Japan) in 13% (w/v) mannitol with the pH adjusted to 5.8 with 0.2 M-KOH. After incubation for 2 h at 25 "C, the leaves were gently agitated to release the protoplasts and the protoplast suspension was filtered through a layer of nylon mesh (80 pm). The protoplast suspension was centrifuged at 20 g for 2 min, the supernatant removed and the protoplast pellet washed twice on the centrifuge in the same manner with the holding buffer. Protoplasts were counted using a modified Fuchs Rosenthal haemocytometer and the concentration was adjusted to 2 x 10, ml-l.
Toxin preparations dissolved in holding buffer were assayed in the microtest plates as described above, substituting protoplast suspension for brine shrimp larval suspension. After incubation for 2 hat 25 "C in the dark, 100 p1 of 0.1 % (w/v) phenosafranin in holding buffer was added to each well (Widholm, 1972) . Samples (10 p1) of the protoplasts from each well were transferred to 12-well microflow slides (Flow Laboratories) and the dead (stained) and live (non-stained) protoplasts counted under a compound microscope.
Expression of results. Results are expressed as units of activity, where 1 unit represented the LDsO value for brine shrimps or protoplasts. Both the LD,, values and the dilution factors which gave these values were obtained from graphs of probit percent mortality, corrected for control values (Strange et al., 1982) , plotted against log to the base 2 of the factor by which the toxin had been diluted (Finney, 1980) . The number of units per ml of preparation was then calculated by multiplying the dilution factor which corresponded to the LD,, value by 10, since the wells of the microtest plate contained 100 p1 of toxin preparation.
R E S U L T S AND DISCUSSION
All 16 isolates were identified according to the criteria of Booth (197 1, 1977) or Nelson et a/. (1983) with the exception of isolate 546, which was obtained from a stem lesion of a tobacco plant. This isolate had similar morphological and cultural characteristics to those of F. nygamai from Australia (Burgess & Trimboli, 1986) except that the polyphialides of the Malaysian isolate were more abundant. The difficulties of assigning this species to one of the sections of the genus Trimboli (1986). I; . proli&eratum, F. nygamai and I;. longipes have not previously been recorded in the Malaysian Peninsula. Also, as far as we are aware, this is the first report of an association of F. oxysporurn var. redolens and F. solani with human diseases from this area.
Maximum mycelial growth, expressed as dry weight, of all isolates on all liquid media approached or exceeded 1 g per 100 ml apart from isolate 425 of F. pallidoroseum grown on unsupplemented Czapek-Dox (CD), which only reached values of about 400 mg per 100 ml (Tables 2-4) . These values were generally achieved after incubation for 1 or 2 weeks. Since isolate 425 of F. pallidoroseum grew poorly on CD and produced low toxin titres compared with the same isolate growing on CD + 1 % P (Table 2) , peptone was added to CD in all subsequent experiments. Additionally, isolates obtained from diseased tobacco were grown on CD supplemented with 5% tobacco extract (CD + 5% TE). Some cultures showed a pronounced decrease in dry weight after incubation for 4 weeks, suggesting autolysis, but in one instance (isolate 425 of F. pallidoroseurn growing on CD + 5 % TE; Table 2), this was paralleled by an increase in sporulation from 1.81 x lo8 to 1-25 x lo9 conidia ml-*.
Sporulation was dependent on isolate and medium (Tables 2-4) . The highest value, 2.6 x 1 O l o conidia ml-l , was reached by isolate 38 1 of F . oxysporum var. redolens after 1 week's growth on CD + 1 % P (data not shown). In contrast, neither isolate of I;. chlamydosporum sporulated appreciably ( Table 4 ) and F. acuminatum did not sporulate at all on this medium (data not shown).
The pH of all liquid cultures rose during incubation, possibly reflecting the uptake of nitrate. Maximum values were generally in the range pH 8-9 and were normally attained after 4 weeks.
Tobacco mesophyll protoplasts were more sensitive than brine shrimp larvae to toxin preparations of all isolates except F. solani isolated from human eye (isolate 610) grown on CD + 1 % P and F . oxysporum var. redolens (isolate 38 1) isolated from human nails and grown on CD + 1 % P (data not shown). Activity of culture filtrates from these isolates was low for all four incubation periods and varied from 0 (no activity) to 15.7 U ml-1 when assayed with brine shrimp larvae and from a trace to 1.7 U ml-l when assayed with tobacco mesophyll protoplasts (data not shown). Other species that produced little toxin were F. acuminatum and F. concolor (brine shrimp assay maxima 11-8 and 8.3 units respectively and protoplast assay 24.3 and 20-7 respectively; data not shown).
Species that were isolated from rice were grown on this substrate as well as CD + 1 % P. Far higher titres were obtained from the rice cultures than the liquid cultures when the comparison
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was made between results expressed as U g-l and U ml-', respectively. For example, isolate 447 of F. chlarnydosporurn reached a value of 1634.9 U g-' in the tobacco mesophyll protoplasts assay when grown on rice for 2 weeks but only 7.0 U ml-l when grown for the same period on CD + 1 % P (Table 4) . One possible explanation for this, apart from the effect of the medium, is that the methanol used to extract the rice cultures was a better solvent for the toxins than the water provided by the aqueous media. In addition, the rice cultures were homogenized, allowing the extraction of the mycelium itself.
The activity of extracts of rice cultures was generally 1.5-3 times greater when assayed against tobacco mesophyll protoplasts than when assayed against brine shrimp larvae. For F. palfidoroseum (isolate 172), F. prolifieraturn (isolate 349) and I;. chlarnydosporurn (isolates 188 and 447) the congruence of the two assays was particularly striking, suggesting that toxicity of the preparations to both organisms was caused by the same compounds (Tables 2-4) . Toxin production by F. pallidosporum isolate 425 (Table 2 ) and I;. s o h i isolates 505 and 527 (data not shown), which were obtained from diseased tobacco, was not enhanced by including extracts of their host plant, but rather toxin titres were reduced relative to those obtained on CD + 1 % P.
Robeson & Strobe1 (1 985) reported the same phenomenon when Alternaria helianthi was grown in CD supplemented with an extract of its host, sunflower. When the weight of the sunflower leaves extracted was more than 1 g and the extract dissolved in 1 litre of CD, toxin production was reduced. In contrast, at lower concentrations, the extract promoted toxin production.
Toxicity of the culture filtrates or the extracts of rice cultures was not destroyed by boiling for 10min (results not shown).
Uninoculated liquid culture media and extracts of uninoculated rice were toxic to neither brine shrimp larvae nor tobacco mesophyll protoplasts.
The data reported in this paper suggest that Fusarium species are prevalent in the Malaysian Peninsula and that they are frequently associated with plants in which they may cause disease. Since they are capable of synthesizing toxins in culture it is highly probably that they also do so in planta. Ingestion of such plant material could be a health hazard to man and animals. We are currently attempting to establish the chemical identity of the mycotoxins. 
